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(57)Abstract: 



PURPOSE: To provide an electrophoresis display device 
and migration time measuring method capable of 
preventing deterioration caused by electrode reaction or 
electrolysis as much as possible without drop in contrast. 
CONSTITUTION: Time required to movement of pigment 
13b in an electrophoresis display element 2 is measured as 
the brightness saturation time. A voltage applying time 
control device in which driving voltage applying time is set 
in the brightness saturation time is arranged in the 
electrophoresis display device. Or, a voltage applying 
control means in which a sensor capable of detecting the 
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Specification 

[Title of the Invention] METHOD FOR MEASURING MIGRATION 
TIME AND ELECTROPHORESIS DISPLAY DEVICE 

[Claims] 

[Claim 1] A method for measuring a proper applica- 
tion time in an electrophoresis display device comprising an 
electrophoresis display dispersion liquid accommodated 
within an enclosed space defined by peripheries including 
one or more pairs of opposing electrodes, at least one of 
which is transparent, the electrophoresis display dispersion 
liquid containing a liquid phase dispersion medium and pig- 
ment, the proper application time being defined as a time 
elapsing from the beginning of application of a predeter- 
mined drive voltage by a drive voltage source until the pig- 
ment in the dispersion liquid has reached the electrode to 
complete migration, the method comprising: 

a step of detecting luminance of the electrophoresis 
display device with a sensor, and 

deriving a respective time elapsing from the applica- 
tion of a predetermined drive voltage by the drive voltage 
source to the pair of electrodes of the electrophoresis dis- 
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play device until the luminance value from the sensor sub- 
stantially reaches saturation, the predetermined drive volt- 
age differing in each instance: and 

a step of obtaining a relationship between the drive 
voltage and a time over which the luminance value from the 
sensor substantially reaches a saturation value, and deriv- 
ing a proper application time of the electrophoresis display 
device for the predetermined drive voltage based on the re- 
lationship. 

[claim 2] In an electrophoresis display device com- 
prising an electrophoresis display dispersion liquid accom- 
modated within an enclosed space defined by peripheries in- 
cluding one or more pairs of opposing electrodes, at least 
one of which is transparent, the electrophoresis display 
dispersion liquid containing a liquid phase dispersion me- 
dium and pigment, a method for measuring a proper applica- 
tion time defined as a time elapsing from the beginning of 
application of a predetermined drive voltage by a drive 
voltage source until the pigment in the dispersion liq- 
uid has reached the electrode to complete migration, the 
method comprising: 

a step of detecting a current value flowing through 
the electrophoresis display device during application of a 
drive voltage, 

and deriving a respective time elapsing from the ap- 
plication of a predetermined drive voltage by the drive 
voltage source to the pair of electrodes of the electropho- 
resis display device until the detected current value sub- 
stantially reaches saturation, the predetermined drive volt- 
age differing in each instance: and 

a step of obtaining a relationship between the drive 
voltage and a time over which the detected current value 
substantially reaches a saturation value, and deriving a 
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proper application time of the electrophoresis display de- 
vice for the predetermined drive voltage based on the rela- 
tionship. 

[Claim 31 An electrophoresis display apparatus com- 
prising : 

an electrophoresis display device comprising an elec- 
trophoresis display dispersion liquid accommodated within an 
enclosed space defined by peripheries including one or more 
pairs of opposing electrodes , at least one of which is 
transparent, the electrophoresis display dispersion liquid 
containing a liquid phase dispersion medium and pigment: 

a drive voltage source for applying a voltage to the 
pair of electrodes of the electrophoresis display device so 
as to drive the electrophoresis display device: and 

a voltage application time control apparatus for set- 
ting a drive voltage application time by the drive voltage 
source to the electrophoresis display device, based on a 
saturation time data value obtained by previously measuring 
a time elapsing from the beginning of application of a volt- 
age by the drive voltage source until the luminance of the 
electrophoresis display device has substantially reached 
saturation. 

[Claim 4] An electrophoresis display apparatus com- 
prising: 

an electrophoresis display device comprising an elec- 
trophoresis display dispersion liquid accommodated within an 
enclosed space defined by peripheries including one or more 
pairs of opposing electrodes, at least one of which is 
transparent, the electrophoresis display dispersion liquid 
containing a liquid phase dispersion medium and pigment: 
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a drive voltage source for applying a voltage to the 
pair of electrodes of the electrophoresis display device so 
as to drive the electrophoresis display device: 

a sensor for detecting luminance of the electrophore- 
sis display device: and 

a voltage application control means for terminating 
the drive voltage application by the drive voltage source to 
the electrophoresis display device when an output from the 
sensor has reached a previously measured output value of the 
sensor obtained when the luminance of the electrophoresis 
display device has substantially reached saturation. 

[Claim 5] An electrophoresis display apparatus com- 
prising: 

an electrophoresis display device comprising an elec- 
trophoresis display dispersion liquid accommodated within an 
enclosed space defined by peripheries including one or more 
pairs of opposing electrodes, at least one of which is 
transparent, the electrophoresis display dispersion liquid 
containing a liquid phase dispersion medium and pigment: 

a drive voltage source for applying a voltage to the 
pair of electrodes of the electrophoresis display device so 
as to drive the electrophoresis display device: 

a current detection means for detecting a current 
value through the electrophoresis display device: and 

a voltage application control means for terminating 
the drive voltage application by the drive voltage source to 
the electrophoresis display device when an output from the 
current detection means has reached a previously measured 
output value of the current detection means obtained when 
the current flowing through the electrophoresis display de- 
vice has substantially reached saturation. 

[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention] 

The present invention relates to an electrophoresis 
apparatus which utilizes the movement of charged pigment 
within a medium responsive to an applied voltage, and a 
method for measuring the migration time. 

[0002] 

[Prior Art] 

An electrophoresis display device as shown in Fig- 
ure 13 is conventionally known. The electrophoresis display 
device includes two substrates 10 (e.g., glass), at least 
one of which is light-transitive, the two substrates 10 op- 
posing each other via partitions 11 with a predetermined in- 
terspace in between, such that the glass substrates 10 and 
the partitions 11 constitute an enclosed space. A pair of 
plane-like transparent electrodes 12 (e.g., ITO) are fixed 
on the respective inner opposing faces of the glass sub- 
strates 10. An electrophoresis display dispersion liquid 13 
is accommodated in the enclosed space. The electrophoresis 
display dispersion liquid 13 includes a colored dispersion 
medium 13a which is colored in e.g., black, and a charged 
pigment 13b (e.g., white) which is dispersed within the dis- 
persion medium 13a. 

[0003] 

In accordance with such an electrophoresis display 
device, when a positive voltage and a negative voltage are 
applied to the upper one of the pair of electrodes 12, re- 
spectively, as shown in Figure 14(A), the negatively-charged 
white pigment 13b which is dispersed within the colored dis- 
persion medium 13a is electrophoresed toward an anode so 
that the white pigment 13b attaches to the upper anode, By 
observing the electrophoresis display apparatus in this 
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state from an eye position as indicated in Figure 14(A), the 
portion in which the white pigment 13b has attached to form 
a layer will appear white through the transparent elec- 
trode 12 and the glass substrate 10. On the other hand, by 
reversing the polarities of the applied voltages, as shown 
in Figure 14(B), the white pigment 13b will attach to the 
electrode 12 on the opposite surface to form a layer there. 
As a result, when observed as indicated in the figure, the 
electrophoresis display panel will appear black because the 
white pigment layer 13b is obscured behind the black disper- 
sion medium 13a. Since the white pigment layer 13b attached 
onto the electrode 12 will remain attached after suspending 
voltage application, there is no particular need, once the 
white pigment layer 13b has attached to the electrode 12, to 
apply a voltage other than applying a voltage for retaining 
the attached state. 

[0004] 

In an electrophoresis display apparatus which func- 
tions under the above principles, it is necessary to con- 
tinue the application of the drive voltage during the move- 
ment of the white pigment 13b. If the application time is 
too short, the white pigment 13b does not reach the elec- 
trode 12, thereby resulting in a decrease of the display 
contrast. Therefore, it has been common practice in the 
prior art to set the application time to be longer than nec- 
essary by a wide margin. 

[0005] 

[Problems to be Solved by the Invention] 
However, employing too long an application time may 
result in electrode reactions, electrolysis of the disper- 
sion liquid, etc., thereby leading to a reduced lifetime of 
the electrophoresis display apparatus. On the other hand, 
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electrophoresis display apparatuses may use different ap- 
plied voltages and application times depending on the dis- 
persion medium in the electrophoresis display device, the 
distance between the electrodes, etc., so that it has been 
difficult to derive a proper applied voltage and a proper 
application time for a given electrophoresis display device. 

[0006] 

Moreover, electrophoresis display apparatuses also 
suffer from the problems of temporal fluctuation of the 
proper voltage and/or application time because they are sus- 
ceptible to some unstable parameters, such as alteration of 
the dispersion liquid or alteration of the additives (e.g., 
surfactants) in the dispersion liquid: these are intrinsic 
to apparatuses for applying a voltage to a liquid. There- 
fore, there is a need for an electrophoresis display appara- 
tus having a propprlv adjusted voltage application time and 
a long lifetime. 

[0007] 

[Means for Solving the Problems] 

In order to attain the above objectives, the present 
invention provides a method for measuring a proper applica- 
tion time in an electrophoresis display device comprising an 
electrophoresis display dispersion liquid accommodated 
within an enclosed space defined by peripheries including 
one or more pairs of opposing electrodes, at least one of 
which is transparent, the electrophoresis display dispersion 
liquid containing a liquid phase dispersion medium and pig- 
ment, the proper application time being defined as a time 
elapsing from the beginning of application of a predeter- 
mined drive voltage by a drive voltage source until the pig- 
ment in the dispersion liquid has reached the electrode to 
complete migration, the method comprising: a step of detect- 
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ing luminance of the electrophoresis display device with a 
sensor, and deriving a respective time elapsing from the ap- 
plication of a predetermined drive voltage by the drive 
voltage source to the pair of electrodes of the electropho- 
resis display device until the luminance value from the sen- 
sor substantially reaches saturation, the predetermined 
drive voltage differing in each instance: and a step of ob- 
taining a relationship between the drive voltage and a time 
over which the luminance value from the sensor substantially 
reaches a saturation value, and deriving a proper applica- 
tion time of the electrophoresis display device for the pre- 
determined drive voltage based on the relationship. 

[ 00091 Alternatively, the present invention provides, 
in an electrophoresis display device comprising an electro- 
phoresis display dispersion liquid accommodated within an 
enclosed space defined by peripheries including one or more 
pairs of opposing electrodes, at least one of which is 
transparent, the electrophoresis display dispersion liquid 
containing a liquid phase dispersion medium and pigment, a 
method for measuring a proper application time defined as a 
time elapsing from the beginning of application of a prede- 
termined drive voltage by a drive voltage source until the 
pigment in the dispersion liquid has reached the electrode 
to complete migration, the method comprising: a step of de- 
tecting a current value flowing through the electrophoresis 
display device during application of a drive voltage, and 
deriving a respective time elapsing from the application of 
a predetermined drive voltage by the drive voltage source to 
the pair of electrodes of the electrophoresis display device 
until the detected current value substantially reaches satu- 
ration, the predetermined drive voltage differing in each 
instance: and a step of obtaining a relationship between the 
drive voltage and a time over which the detected current 
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value substantially reaches a saturation value, and deriving 
a proper application time of the electrophoresis display de- 
vice for the predetermined drive voltage based on the rela- 
tionship . 

[00010] Alternatively, an electrophoresis display 
apparatus according to the present invention comprises: an 
electrophoresis display device comprising an electrophoresis 
display dispersion liquid accommodated within an enclosed 
space defined by peripheries including one or more pairs of 
opposing electrodes, at least one of which is transparent, 
the electrophoresis display dispersion liquid containing a 
liquid phase dispersion medium and pigment: a drive voltage 
source for applying a voltage to the pair of electrodes of 
the electrophoresis display device so as to drive the elec- 
trophoresis display device: and a voltage application time 
control apparatus for setting a drive voltage application 
time by the drive voltage source to the electrophoresis dis- 
play device, based on a saturation time data value obtained 
by previously measuring a time elapsing from the beginning 
of application of a voltage by the drive voltage source un- 
til the luminance of the electrophoresis display device has 
substantially reached saturation. 

[0011] Alternatively, an electrophoresis display ap- 
paratus according to the present invention comprises: an 
electrophoresis display device comprising an electrophoresis 
display dispersion liquid accommodated within an enclosed 
space defined by peripheries including one or more pairs of 
opposing electrodes, at least one of which is transparent, 
the electrophoresis display dispersion liquid containing a 
liquid phase dispersion medium and pigment: a drive voltage 
source for applying a voltage to the pair of electrodes of 
the electrophoresis display device so as to drive the elec- 
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trophoresis display device: a sensor for detecting luminance 
of the electrophoresis display device: and a voltage appli- 
cation control means for terminating the drive voltage ap- 
plication by the drive voltage source to the electrophoresis 
display device when an output from the sensor has reached a 
previously measured output value of the sensor obtained when 
the luminance of the electrophoresis display device has sub- 
stantially reached saturation. 

[0012] Alternatively, an electrophoresis display ap- 
paratus according to the present invention comprises: an 
electrophoresis display device comprising an electrophoresis 
display dispersion liquid accommodated within an enclosed 
space defined by peripheries including one or more pairs of 
opposing electrodes, at least one of which is transparent, 
the electrophoresis display dispersion liquid containing a 
liquid phase dispersion medium and pigment: a drive voltage 
source for applying a voltage to the pair of electrodes of 
the electrophoresis display device so as to drive the elec- 
trophoresis display device: a current detection means for 
detecting a current value through the electrophoresis dis- 
play device: and a voltage application control means for 
terminating the drive voltage application by the drive volt- 
age source to the electrophoresis display device when an 
output from the current detection means has reached a previ- 
ously measured output value of the current detection means 
obtained when the current flowing through the electrophore- 
sis display device has substantially reached saturation. 

[0013] 
[Function] 

According to the method for measuring migration time 
of the present invention, which pays attention to the change 
in the luminance or current value of an electrophoresis dis- 
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play device with respect to voltage application time and de- 
fines the moment at which the pigment within a dispersion 
liquid has reached an electrode to substantially completely 
finish migration as the point of time at which the luminance 
or current value has substantially reached saturation, an 
application time is measured from the beginning of the ap- 
plication of a predetermined voltage to the electrophoresis 
display device until the luminance or current value has sub- 
stantially reached a saturation value. 

[0014] 

In accordance with an electrophoresis display appara- 
tus of the present invention, a proper application time cor- 
responding to a drive voltage is set based on the above 
method, and a voltage application time control apparatus is 
employed to terminate the voltage application from a drive 
voltage source after the lapse of the proper application 
time. By providing such a voltage application time control 
apparatus in the electrophoresis display apparatus, it be- 
comes possible to obtain a properly minimized application 
time and minimize deterioration due to electrode reactions 
or electrolysis without lowering contrast. Moreover, a sen- 
sor capable of detecting the luminance of an electrophoresis 
display device or a current detection means for detecting a 
current value is provided, and a voltage application control 
means is employed to terminate the drive voltage application 
when the output from the sensor or the current detection 
means has reached an output of the sensor or the current de- 
tection means which corresponds to a previously measured 
saturation value of luminance or current value. 

[0015] 
[Examples] 
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Hereinafter, examples of the present invention will 
be described in detail, although the present invention is 
not limited to these examples. 

[0016] 

[Example 1] 

Figure 1 is a block diagram of an apparatus used for 
the method for measuring migration time according to the 
present invention. The present apparatus includes an elec- 
trophoresis display device 2. 

[0017] 

The electrophoresis display device 2 includes two 
substrates 10 (e.g., glass), at least one of which is light- 
transitive, the two substrates 10 opposing each other via 
partitions 11 with a predetermined interspace in between, 
and a pair of plane-like transparent electrodes 12 fixed on 
the respective inner opposing faces of the glass sub- 
strates 10, such that the glass substrates 10, the elec- 
trodes 12, and the partitions 11 constitute an enclosed 
space. In some applications, the electrodes 12 may them- 
selves constitute substrates, in which case the glass sub- 
strates 10 can be omitted. It is applicable to provide a 
number of such enclosed spaces and combine the respective 
enclosed spaces. Examples of the transparent electrodes 12, 
include a desired pattern of indium tin oxide (ITO) . The 
thickness (inter-electrode distance) of the partitions 11 is 
usually on the order of 20 Mm to 1 mm. 

[0018] 

An electrophoresis display dispersion liquid 13 is 
accommodated in the enclosed space. The electrophoresis 
display dispersion liquid 13 includes a colored dispersion 
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medium 13a and a charged pigment 13b which is dispersed 
within the dispersion medium. 

[0019] 

A predetermined voltage is applied to the elec- 
trodes 12 of the electrophoresis display device 2 by a drive 
voltage source 3. A luminance meter (sensor) 21 is disposed 
in front of the electrophoresis display device 2. As the 
luminance meter 21, a photosensor such as a photomultiplier 
can be used. The electrophoresis display device 2 is driven 
by the drive voltage source 3 with a predetermined voltage. 
The change in the display (luminance) of the electrophoresis 
display device 2 is measured by the luminance meter 21 , and 
the data is processed by a processing means 22 . Similar 
measurements are taken by varying the applied voltage from 
the drive voltage source 3. Following this procedure, the 
proper application time for various voltages can be derived. 

[0020] 

Figure 2 shows an exemplary change in the luminance 
against the voltage application time. It can be seen from 
Figure 2 that the time over which the pigment completes mi- 
gration can be detected in the form of saturated luminance: 
this time is defined as a saturation time data value. In 
the example shown in Figure 2, the saturation time data 
value of the electrophoresis display device 2 is 
60 millisecond (ms) . Therefore, under the applied voltage, 
any decrease in contrast can be prevented and the deteriora- 
tion can be minimized by setting the application time at 
60 ms. Herein, luminance is defined as a measurement of 
light amount concerning an areal light source: specifically, 
luminance is a value obtained by dividing light beams trav- 
eling in a given direction from a single point on the plane 
of an areal light source by a product of the orthogonal pro- 
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jected area in a given direction of a minute area containing 
that point and a minute solid angle along that direction. 

[0021] 

A method for automatically measuring the aforemen- 
tioned change in luminance against various applied voltages 
will be described with reference to Figures 3 and 4. Fig- 
ure 3 illustrates the extent of a range which is stored in 
the form of a table in the processing means 22 of the meas- 
urement apparatus, with respect to a prescribed minimum ap- 
plication time T L and a prescribed maximum application 
time T 0 as well as a prescribed minimum applied voltage V L 
and a prescribed maximum applied voltage V B . 

[0022] 

The procedure of the process performed by the proc- 
essing means 22 will be described with reference to a flow- 
chart of Figure 4. First, the applied voltage V is set at 
the minimum applied voltage V L at step Sl # and the applica- 
tion time T is set at the minimum application time T t at 
step S2. Next, the device (the electrophoresis display de- 
vice) is driven at the set applied voltage V for the set ap- 
plication time T at step S3. The luminance of the electro- 
phoresis display device 2 is detected by the sensor 21 at 
step S4, and the luminance, the applied voltage V, and the 
application time T are stored at step S5. Then, it is de- 
termined whether or not the application time has exceeded 
the maximum application time Tu at step S6. If it has not 
(N) , a predetermined time (At) is added to the application 
time, and the electrophoresis display device 2 continues to 
be driven at the applied voltage V for that application time 
(T + AT), thereby measuring the luminance at the set ap- 
plied voltage V up to the maximum application time T D . If 
the application time has exceeded the maximum application 
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time Tu, it is determined at the next step S8 whether or not 
the applied voltage has exceeded the maximum applied volt- 
age Vu. If it has not (N) , a predetermined voltage ( Av) is 
added to the applied voltage, and the process returns to 
step S2 to drive the electrophoresis display device at that 
applied voltage (V + A v) for the minimum application 
time T L , thereby measuring the application time and the lu- 
minance at that applied voltage (V + A V) . By following 
this procedure of repeatedly incrementally increasing the 
voltage up to the maximum applied voltage V n and using it 
for driving, a relationship between the changes in luminance 
and the application time can be obtained at intervals of Av 
between the minimum applied voltage V L and the maximum ap- 
plied voltage V„. If the application time has exceeded the 
maximum applied voltage V D , the measurement has come to an 
end, so that the results are displayed in print at the next 
step S10, and the optimum applied voltage and the optimum 
application time are determined based on these results at 
step Sll. 

[0023] 

By using the above-described method for measuring mi- 
gration time, the proper application time for each individ- 
ual electrophoresis display device can be easily and se- 
curely derived independently of any variation in manufacture, 
temporal deterioration or the like. By driving the electro- 
phoresis display device for the derived proper application 
time, deterioration due to electrode reactions or electroly- 
sis can be minimized without lowering contrast. 

[0024] 

[Example 2] 

Figure 5 is a schematic diagram illustrating an exam- 
ple of the electrophoresis display apparatus of the present 

15 



SHUSAKU YAMAMOTO 

Your Ref : 2108/2 

Japanese Laid-open Publication No. 9-6277 

invention. The electrophoresis display apparatus includes 
an electrophoresis display device 2, a drive voltage 
source 3a for driving the electrophoresis display device 2, 
and an application time control apparatus 4. Since the 
electrophoresis display device 2 has already been described, 
it will be denoted by the same reference numerals, and the 
description thereof will be omitted. 

[0025] 

The voltage application time control apparatus 4, 
forming a feature of the present example, functions to con- 
trol the application time of the drive voltage source 3a for 
the electrophoresis display device 2. The voltage applica- 
tion time control apparatus 4 can be implemented as e.g., a 
pulse width setting mechanism incorporating a variable re- 
sistor, but the present example is not limited thereto. Ac- 
cording to the present invention, a pulse width is previ- 
ously set. The method for setting such a pulse width can be 
obtained based on the method for measuring migration time as 
described in Example 1. For example, in the example illus- 
trated in Figure 2, the saturation time data value is 60 ms. 
Accordingly, the application time (pulse width) of the drive 
voltage by the pulse width setting mechanism is set at 60 ms. 
Alternatively, it is also applicable to establish a crite- 
rion based on the luminance having reached 95% of the satu- 
ration value. The setting criterion may also be varied oth- 
erwise. 

[0026] 

According to the present example, it is possible to 
terminate the voltage application when the pigment in the 
electrophoresis display device 2 has completed migration. 
As a result, deterioration due to electrode reactions or 
electrolysis can be minimized without lowering contrast. 

16 
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[0027] 

[Example 3] 

Figure 6 is a block diagram illustrating the struc- 
ture of an electrophoresis display apparatus according to 
Example 3 of the present invention. In accordance with this 
electrophoresis display apparatus, a drive voltage from a 
drive voltage source 3a is applied to an electrophoresis 
display device 2 via a switching section 23 for driving the 
electrophoresis display device 2. There is also provided a 
sensor 21 capable of detecting the luminance of the electro- 
phoresis display device 2. A signal from the sensor 21 is 
output to a sensor output determination means 22a. A volt- 
age application control means is constituted by the sensor 
output determination means 22a and the switching section 23. 

[0028] 

The procedure of processing by the sensor output de- 
termination means 22a will be described with reference to 
the flowchart of Figure 7. A saturation sensor output 
value THL corresponding to a saturation luminance (e.g., the 
luminance at 60 ms in Figure 2) is previously derived and 
set. The saturation sensor output value THL and the sensor 
output L are compared against each other so that a signal 
for terminating the voltage application is output to the 
switching section 23 when the sensor output L exceeds the 
sensor output determination means 22a. Receiving this sig- 
nal, the switching section 23 terminates voltage application 
from the drive voltage source 3a. 

[ 00291 

As a result, it is possible to terminate the driving 
of the electrophoresis display device when the pigment has 
completed its movement. As a result, deterioration due to 
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electrode reactions or electrolysis can be securely pre- 
vented. 

[0030] 

Alternatively, it is also possible to construct the 
electrophoresis display, whose luminance is to be detected 
by means of a sensor, as a separate element from a panel for 
performing the actual display function as a monitor, and may 
be internalized. The same sensor and the like as those in 
Example 1 can be used. In an internalized configuration, 
low-sensitivity sensors can also be used since the light of 
high intensity can be employed for detection. 

[0031] 

[Example 4] 

Figure 8 is a block diagram illustrating another ap- 
paratus used for measuring migration time according to the 
present invention. The method according to Example 4 dif- 
fers from the method employing the apparatus shown in Fig- 
ure 1 on the following points: The method employing the ap- 
paratus shown in Figure 1 is a method for deriving the 
proper application time for various voltages by measuring 
the change in the display (luminance) of the electrophoresis 
display device 2 by means of the luminance meter 21, proc- 
essing the data in the processing means 22; and taking simi- 
lar measurements while varying the applied voltage from the 
drive voltage source 3. Following this procedure, the 

proper application time for various voltages can be derived. 
On the other hand, the method according to Example 4 is a 
method for deriving the proper application time for various 
voltages by measuring the value of the current flowing 
through the electrophoresis display device 2 during the ap- 
plication of a drive voltage by e.g., a current detector 24 
equipped with a monitor, processing the data values in a 
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processing means 25, and taking similar measurements while 
varying the applied voltage from the drive voltage source 3. 

[0032] 

The present method is based on the fact that the 
value of the current flowing during the application of the 
drive voltage changes depending on whether the particles 
(pigment 13b) are in the process of moving (migrating) or 
they have reached the surface of an electrode 12. Specifi- 
cally, the current becomes large while the charged pigment 
is migrating, and becomes small when the charged pigment has 
reached the electrode surface. Based on this principle, the 
present method makes it possible to minimize the application 
time of the drive voltage by detecting the moment at which 
the pigment has thoroughly moved to the other electrode 
based on measurement of the current during the application 
of the drive voltage. 

[0033] 

An exemplary change in the current flowing through 
the electrophoresis display device 2 over voltage applica- 
tion time is shown in Figure 9. The present example illus- 
trates an exemplary current data obtained by applying the 
drive voltage for 400 milliseconds (ms) . It can be seen 
from Figure 9 that the time over which the pigment completes 
migration can be detected in the form of current saturation: 
this time is defined as a saturation time data value. In 
the example shown in Figure 9, the saturation time data 
value of the electrophoresis display device 2 is 300 ms. 
Therefore, under the applied voltage, any decrease in con- 
trast can be prevented and the deterioration can be mini- 
mized by setting the application time at 300 ms. 



[0034] 
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A method for automatically measuring the aforemen- 
tioned change in luminance against various applied voltages 
will be described with reference to Figure 3 (which we re- 
ferred to in the description of the foregoing example) and 
Figure 10. As mentioned above, Figure 3 illustrates the ex- 
tent of a range which is stored in the form of a table in 
the processing means 25 of the measurement apparatus , with 
respect to a prescribed minimum application time T L and a 
prescribed maximum application time Tu as well as a pre- 
scribed minimum applied voltage V L and a prescribed maximum 
applied voltage V a . 

[0035] 

The procedure of the process performed by the proc- 
essing means 25 will be described with reference to a flow- 
chart of Figure 10. First, the applied voltage V is set at 
the minimum applied voltage V h at step ST1, and the applica- 
tion time T is set at the minimum application time T L at 
step ST2. Next, the device (the electrophoresis display de- 
vice) is driven at the set applied voltage V for the set ap- 
plication time T at step ST3. The current flowing through 
the electrophoresis display device 2 is detected by the cur- 
rent detector 24 at step ST4, and the detected current value, 
the applied voltage V, and the application time T are stored 
at step ST5. Then, it is determined whether or not the ap- 
plication time has exceeded the maximum application time Tu 
at step ST6. If it has not (N) , a predetermined time (At) 
is added to the application time, and the electrophoresis 
display device 2 continues to be driven at the applied volt- 
age V for that application time (T + AT) , thereby measuring 
the current value at the set applied voltage V up to the 
maximum application time Tu. If the application time has 
exceeded the maximum application time T 0 , it is determined 
at the next step ST8 whether or not the applied voltage has 

20 



SHUSAKU YAMAMOTO 

Your Ref : 2108/2 

Japanese Laid-open Publication No. 9-6277 

exceeded the maximum applied voltage V*. If it has not (N) , 
a predetermined voltage ( Av) is added to the applied volt- 
age, and the process returns to step ST2 to drive the elec- 
trophoresis display device 2 at that applied voltage (V + A 
V) for the minimum application time T L , thereby measuring 
the application time and the luminance at that applied volt- 
age (V + Av). By following this procedure of repeatedly 
incrementally increasing the voltage up to the maximum ap- 
plied voltage Vu and using it for driving, a relationship 
between the changes in luminance and the application time 
can be obtained at intervals of Av between the minimum ap- 
plied voltage V L and the maximum applied voltage Vu. If the 
application time has exceeded the maximum applied voltage Vu, 
the measurement has come to an end, so that the results are 
displayed in print at the next step ST10, and the optimum 
applied voltage and the optimum application time are deter- 
mined based on these results at step ST11. 

[0036] 

As described above, by using the method for measuring 
migration time according to Example 4, as in the above- 
described method for measuring migration time according to 
Example 1, the proper application time for each individual 
electrophoresis display device can be easily and securely 
derived independently of any variation in manufacture, tem- 
poral deterioration or the like. By driving the electropho- 
resis display device for the derived proper application time, 
deterioration due to electrode reactions or electrolysis can 
be minimized without lowering contrast. 

[0037] 

[Example 5] 

Figure 11 is a schematic diagram illustrating an 
electrophoresis display apparatus according to Example 5 of 
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the present invention. The electrophoresis display appara- 
tus includes an electrophoresis display device 2, a drive 
voltage source 3a for driving the electrophoresis display 
device 2, and an application time control apparatus 4a for 
controlling the voltage application time of the drive volt- 
age source 3a for the electrophoresis display device 2. 
Since the electrophoresis display device 2 has already been 
described, it will be denoted by the same reference numerals, 
and the description thereof will be omitted. 

[0038] 

The voltage application time control apparatus 4a, 
forming a feature of the present example, functions to con- 
trol the application time of the drive voltage source 3a for 
the electrophoresis display device 2. The voltage applica- 
tion time control apparatus 4a can be implemented as e.g., a 
pulse width setting mechanism incorporating a variable re- 
sistor, but the present example is not limited thereto. Ac- 
cording to Example 5, as in the above-described Example 2, a 
driving pulse width is previously set. The method for set- 
ting the pulse width by the voltage application time control 
apparatus 4a can be obtained based on the method for measur- 
ing migration time as described in Example 4. For example, 
in the example illustrated in Figure 9, the saturation time 
data value is 3 00 ms. Accordingly, the application time 
(pulse width) of the drive voltage by the pulse width set- 
ting mechanism is set at 300 ms. Alternatively, in this 
case, too, it is also applicable to establish a criterion 
based on the luminance having reached 95% of the saturation 
value. The setting criterion may also be varied otherwise. 

[0039] 

According to Example 5, as in the above-described Ex- 
ample 2, it is possible to terminate the voltage application 
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when the pigment in the electrophoresis display device 2 has 
completed migration. As a result, deterioration due to 
electrode reactions or electrolysis can be minimized without 
lowering contrast . 

[0040] 

[Example 61 

Figure 12 is a schematic diagram illustrating the 
structure of an electrophoresis display apparatus according 
to Example 6 of the present invention. The electrophoresis 
display apparatus includes an electrophoresis display de- 
vice 2, a drive voltage source 3a for driving the electro- 
phoresis display device 2, a pulse control circuit 5 for re- 
ceiving the supply voltage from the drive voltage source 3a 
and generating a drive pulse signal S5 to be applied to the 
electrophoresis display device 2, the drive pulse signal S5 
having a predetermined width, a current meter 24a for de- 
tecting the value of a current flowing through the electro- 
phoresis display device 2 during the application of the 
drive voltage, and a current saturation detection cir- 
cuit 25a for outputting a control signal S25 to the pulse 
control circuit 5 for terminating the pulse output from the 
pulse control circuit 5 when a saturation state, as indi- 
cated by the current value measured by the current meter 24a 
reaching e.g., approximately 200 MA (*note to the inventor: 
please confirm the value and unit of the current [sic]), has 
been reached. A voltage application control means is con- 
stituted by the pulse control circuit 5 and the current 
saturation detection circuit 25. 

[0041] 

According to Example 6, as in the above-described Ex- 
ample 3, it is possible to securely terminate the driving of 
the electrophoresis display device 2 when the pigment has 
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completed movement. As a result, deterioration of the elec- 
trophoresis display device due to electrode reactions or 
electrolysis can be securely prevented. 

[0042] 

[Effects of the Invention] 

According to the method for measuring migration time 
of the present invention, a proper voltage and a proper ap- 
plication time for an electrophoresis display apparatus can 
be easily derived. 

[0043] 

Based on luminance detection, various embodiments 
are possible: only a portion of a display surface may be 
spot-measured or the entire display surface may be equally 
measured. Based on current detection, fine control is pos- 
sible because analog values are directly measured. 

[0044] 

In accordance with the electrophoresis display appa- 
ratus of the present invention, it is ensured that a voltage 
is applied for a proper time. As a result, deterioration 
due to electrode reactions or electrolysis can be minimized 
without lowering contrast. Moreover, since an electrophore- 
sis display apparatus according to the present invention de- 
tects a proper time to terminate voltage application, dete- 
rioration due to electrode reactions or electrolysis can be 
securely prevented without lowering contrast. 

[0045] 

Based on luminance detection, the luminance at a 
point when the luminance has undergone a thorough change, 
that is, when the display has thoroughly changed, is de- 
tected. As a result, a highly-reliable proper applied volt- 
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gf jg and a highly-reliable proper application time can be 
easily derived. Based on current detection, there is an ad- 
vantage in that no extraneous equipment such as a luminance 
meter is required, thereby leading to simple circuitry, and 
it is easy to construct a so-called feedback loop, and so on. 

[Brief Description of the Drawings] 
[Figure 1] 

Figure 1 is a schematic diagram illustrating an appa- 
ratus for use in the method for measuring migration time ac- 
cording to the present invention. 

[Figure 2] 

Figure 2 is a graph illustrating the change in lumi- 
nance over voltage application time of the electrophoresis 
display apparatus . 

[Figure 3] 

Figure 3 is a graph illustrating a prescribed range 
of application time and applied voltage. 

[Figure 4] 

Figure 4 is a flowchart illustrating an exemplary 
processing procedure in the method for measuring migration 
time according to the present invention. 

[Figure 53 

Figure 5 is a schematic diagram illustrating the 
structure of the electrophoresis display apparatus according 
to Example 2 of the present invention. 

[Figure 6] 



25 



SHUSAKU YAMAMOTO 

Your Ref: 2108/2 

Japanese Laid-Open Publication No. 9-6277 

Figure 6 is a block diagram illustrating the struc- 
ture of the electrophoresis display apparatus according to 
Example 3 of the present invention. 

[Figure 7] 

Figure 7 is a flowchart illustrating an exemplary 
processing procedure of a sensor output determination means. 

[Figure 8] 

Figure 8 is a schematic diagram illustrating an appa- 
ratus used for another method for measuring migration time 
.according to the present invention. 

[Figure 9] 

Figure 9 is a graph illustrating change in a current 
against voltage application time in the electrophoresis dis- 
play apparatus. 

[Figure 10] 

Figure 10 is a flowchart illustrating another proc- 
essing procedure in the method for measuring migration time 
according to the present invention. 

[Figure 11] 

Figure 11 is a block diagram illustrating the struc- 
ture of the electrophoresis display apparatus according to 
Example 5 of the present invention. 

[Figure 121 

Figure 12 is a block diagram illustrating the struc- 
ture of the electrophoresis display apparatus according to 
Example 6 of the present invention. 

[Figure 131 
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Figure 13 is a block diagram illustrating the struc- 
ture of an electrophoresis display device, 

[Figure 14] 

Figure 14 is a illustrative diagram illustrating the 
operation of an electrophoresis display 



[Description of the Reference Numerals] 

2 electrophoresis display device 

3, 3a, 3b drive voltage source 

4, 4a voltage application time control apparatus 
5 pulse control circuit 

10 glass substrate 

11 partition 

12 electrode 

13 electrophoresis dispersion liquid 
13a electrophoresis dispersion medium 
13b pigment 

21 luminance meter (sensor) 

22, 25 processing means 

24 current detector 

current meter 

current saturation detection circuit 
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[Name of the Document] ABSTRACT 
[Abstract] 

[Objective] An objective of the present invention is to 
provide a method for measuring migration time which is capa- 
ble of minimizing deterioration due to electrode reactions 
or electrolysis without lowering contrast. 

[Structure] The time required for pigment 13b in an elec- 
trophoresis display device 2 to move is measured in terms of 
saturation time of luminance. A voltage application time 
control apparatus 4, whose drive voltage application time is 
set to the luminance saturation time, is provided in the 
electrophoresis display apparatus. Alternatively, a sen- 
sor 21 capable of detecting the luminance of the electropho- 
resis display device 2 is provided, with a voltage applica- 
tion control means capable of terminating drive voltage ap- 
plication when the output of the sensor 21 has reached a 
sensor output corresponding to a previously measured satura- 
tion value of luminance. 
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